Laccases were produced and characterized during the process of cultivating Pleurotus sajor-caju PS-2001 in stirred-tank bioreactor. The mycelial biomass reached 5.2 g L −1 on the fifth day, while sucrose was fully consumed after eight days and a high laccase activity peak (40 U mL −1 ) was reached on the sixth day of cultivation. Previous studies carried out using the enzymatic broth in an activity gel with ABTS as the substrate indicated the presence of three different laccase proteins. The optimal pH values for the activity of the laccases were 2.4, 3.2, and 4.4, respectively, using ABTS as the substrate. The optimal temperature was determined using various buffers and pH (sodium acetate pH 5.0, sodium citrate pH 5.0, and Mc'Ilvaine pH 3.2). The best results were obtained at 50
Introduction
In general, white-rot fungi are able to produce ligninolytic enzymes, which include such phenoloxidases as manganese peroxidase (MnP; E.C. 1.11.1.13), lignin peroxidase (LiP; E.C. 1.11.1.14), and laccase (Lac; E.C. 1.10.3.2) [1] . The production of laccases and peroxidases depends on the species of fungi, the conditions of cultivation, and the sources and concentration of carbon and nitrogen [2] .
Laccases are multi-copper enzymes, which oxidize phenolic compounds by reducing oxygen to water through the removal of one electron from the aromatic substrate, thereby generating phenoxyl radicals [3, 4] . As these enzymes catalyse the oxidation of a broad range of phenolic and aromatic amines, laccase-mediated reactions have become a promising alternative for some industrial activities with potential environmental impact, such as cellulose pulp bleaching, effluent detoxification, polycyclic aromatic hydrocarbon (PAH) oxidation, phenol removal, and textile dye discolouration [5] [6] [7] [8] [9] [10] [11] [12] . These enzymes also have applications in the pharmaceuticals, food and beverage industries, cosmetics, synthetic chemistry, nanobiotechnology, clarification/stabilization of fruit juices, clinical diagnostics, soil bioremediation, enzymatic conversion of chemical intermediates, and upgrading of animal process variables and parameters, such as cell growth, enzyme production, substrate and oxygen consumption, and pH variation. In view of the possible applications of the P. sajor-caju enzymatic system, its cultivation broth was examined to determine optimal pH and temperature values and to evaluate thermal stability. Furthermore, proteins were separated by modified SDS-PAGE, and the presence of laccases was detected by activity gel after enzyme renaturation.
Materials and methods

Organism and culture conditions
The present study used P. sajor-caju strain PS-2001 from the microorganism culture collection of the Institute of Biotechnology, University of Caxias do Sul (Brazil). The strain was maintained in a medium containing (per litre): Pinus spp. sawdust, 20 g; wheat bran, 20 g; CaCO3, 2 g; and agar, 20 g.
The liquid medium used for both inoculum preparation and P. sajor-caju cultivation contained 10% (v/v) of a mineral solution with the following composition (per litre): KH2PO4, 20 g; (NH4)2SO4, 14 g; MgSO4·7H2O, 3 g; urea, 3 g; CaCl2, 3 g; MnSO4·H2O, 15.6 mg; FeSO4, 50 mg; ZnSO4 14 mg; and CoCl2, 20 mg. This saline solution, although formulated for Trichoderma viride growth [21] , included nutrients and micronutrients that are also suitable as a P. sajor-caju PS-2001 cultivation medium [11, 12, 19, 20] . The inoculum was prepared in 500 mL Erlenmeyer flasks, containing 100 mL of medium autoclaved for 15 min. To start the inoculum cultivation, three mycelial disks (Ø 1.5 cm), scraped from Petri dishes containing strain PS-2001 grown on a maintenance medium, were added to the flasks. Growth took place under reciprocal agitation at 180 rpm and 28 ± 2
• C for seven days. The inoculum suspension volume was 10% (350 mL) of bioreactor capacity. The inoculum was grown in a medium containing (per litre): sucrose, 5 g; pure casein, 1.5 g; and mineral solution, 100 mL [20] .
The cultivation medium for laccase production in bioreactor contained (per litre): sucrose, 5 g; pure casein, 1.5 g; CuSO4, 100 mg; gallic acid, 100 mg; and mineral solution, 100 mL. CuSO4 and gallic acid were used as enzyme inducers only during cultivation in bioreactor. Assays were conducted batchwise using the B. Braun Biotech model Biostat ® B bioreactor with a 5 L capacity. During cultivation, pH was automatically maintained between 5.0 and 7.5 by adding NH4OH 2 M or H2SO4 2 M as necessary. A silicone-based antifoaming agent was also added at a proportion of 0.1 mL L −1 [20] . For cultivation, 3.5 L of media was used. The medium was sterilized in its vessel by autoclaving for 20 min [22] . The system was operated at a controlled temperature of 28 ± 1
• C. The bioreactor initial cultivation conditions were an agitation speed of 200 rpm [22] and a specific air flow of 1.75 L min −1 (0.5 vvm), allowing for a volumetric oxygen transfer coefficient (KLa) of 13 h −1 , estimated according to the method described by Sobotka et al. [23] , in a cell-free medium. These conditions were maintained until the concentration of dissolved oxygen reached approximately 30% saturation. From this point, oxygen concentration was kept at this level by variation of the air flow rate.
Enzymatic characterization
For enzyme characterization studies, we used the crude broth produced in stirred-tank bioreactor after centrifugation at 5000 rpm (3000 × g) for 30 min at 4
• C. 2,2 -Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) was used as the substrate in all tests. Evaluation of the effect of pH on laccase activity was performed in a sodium phosphate/citric acid buffer at 0.2 M (Mc'Ilvaine), with pH varying from 2.4 to 7.0.
The optimal temperature for activity was tested with temperatures ranging from 15
• C to 50 • C, using three different buffers: sodium acetate (pH 5.0), sodium citrate (pH 5.0), and Mc'Ilvaine (phosphate/citric acid-pH 3.2), all at a 0.2 M concentration. A sodium acetate buffer pH 5.0 was used in most previous studies for the quantification of laccases [24] , whereas a sodium citrate buffer was used at the same pH to check the influence of the type of buffer on enzymatic activity. Thermal stability tests were conducted at 20
• C, 30
• C, 40
• C, 50
• C, and 60
• C, using the previously mentioned buffers. All enzymatic tests were done in duplicate.
Laccase concentration and electrophoresis
Proteins present in the P. sajor-caju cultivation broth were concentrated with 80% (w/v) (NH4)2SO4 at 4
• C, under low speed magnetic agitation [25] . The precipitating mass was centrifuged at 3000 × g for 30 min, resuspended in 0.2 M sodium acetate buffer pH 5.0, and dialysed for 48 h with regular changes of buffer solution [26] .
SDS-PAGE was performed by polyacrylamide (12%, w/v) gel slab electrophoresis in 1% (w/v) SDS, as described by Laemmli [27] , with the exception that the temperature was close to 25
• C to avoid enzyme denaturation. After electrophoresis, the gel was divided into two portions, one of which was treated with silver nitrate [28] , and another which was used for detecting laccase activity in the gel. For this purpose, SDS was removed with a solution of isopropanol 25% in the sodium acetate buffer 0.2 M pH 5.0 for 30 min. Afterwards, both portions of the gel were washed for 30 min in the same buffer to remove isopropanol, with both procedures being performed under low speed agitation [29] . The polyacrylamide gel was placed on an agar gel containing the ABTS substrate (0.5 mM) in a sodium acetate buffer 0.2 M pH 5.0. The superimposed gels were incubated at 30
• C until bands appeared due to ABTS oxidation [30] . Low molecular weight markers were used as standards, including the proteins phosphorylase B (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and cow's milk ␣-lactoalbumin (14.4 kDa), from an Amersham Pharmacia Biotec ® kit.
Analytical determinations
During the cultivation process, aliquots of the enzymatic broth were taken immediately after inoculation and once daily over fifteen days.
The samples were collected, centrifuged at 5000 rpm (3000 × g) for 30 min at 4
• C, and their supernatants were analysed. The fungal biomass was determined by gravimetry after being dried at 90
• C; the results were expressed in g L −1 . The analyses were performed in triplicate.
Enzyme assays
Laccase (Lac) activity was determined at 25
• C, using ABTS (Sigma ® ) at 0.45 mM as the substrate, in a sodium acetate buffer 90 mM pH 5.0, and using an appropriate amount of culture supernatant. The oxidation of ABTS was estimated by measuring the increase in absorbance at 420 nm (ε420 = 3.6 × 10 4 cm −1 M −1 ) for 90 s [24] . Total peroxidase (Per) activity was estimated by a similar procedure as the laccase determination, using a reaction medium containing ABTS as the substrate and 200 M of H2O2, as described by Heinzkill et al. [31] .
Manganese peroxidase (MnP) activity was assayed at 30
• C using 50 g mL −1 of phenol red (Merck ® ) as the substrate, 50 M of MnSO4·H2O, 50 M of H2O2, 12.5 mM of sodium lactate, 500 g mL −1 of bovine albumin, sodium succinate buffer 20 mM pH 4.5, and 0.5 mL of culture supernatant. The reaction was stopped by adding 40 L of NaOH 2 M. The oxidation of phenol red was measured as the increase in absorbance at 610 nm (ε610 = 4.46 × 10 4 M −1 cm −1 ) [32] . One unit of enzymatic activity was defined as the amount of enzyme catalysing the production of 1 mol of coloured product/min/mL.
Veratryl alcohol oxidase (VAO) activity was assayed by measuring the increase in absorbance at 310 nm (ε310 = 9.3 × 10 3 M −1 cm −1 ) in the presence of veratryl alcohol (Sigma ® ) in a sodium tartarate buffer at 250 mM pH 5.0 for 5 min [33] . Lignin peroxidase (LiP) activity was assayed as previously described [1] using veratryl alcohol and H2O2 as the substrate in a sodium tartarate buffer at 250 mM pH 3.0 for 5 min (ε310 = 9.3 × 10 3 M −1 cm −1 ).
Determination of soluble protein concentration
Protein was determined by the Bradford [34] method using bovine serum albumin as the standard. The analyses were performed in triplicate.
Determination of sucrose concentration
Sucrose was hydrolysed with HCl 2 M at 65 • C; the reaction was neutralized using NaOH 1 M [35] . The total reducing sugars resulting from the acid hydrolysis of sucrose were quantified using the DNS (3,5-dinitrosalicilic acid-Sigma ® ) method proposed by Miller [36] . The analyses were performed in triplicate.
2.5. Yield factors, productivity, and specific activity 2.5.1. Enzymatic and cellular yield Laccase substrate yield was calculated by the relationship
). The results were expressed as enzymatic units per gram of substrate (sucrose) present in the culture medium (U g −1 ). Biomass substrate yield was calculated by the relationship
). The results were expressed in grams of biomass/gram of substrate (sucrose) present in the culture medium (g g −1 ).
Enzymatic and cellular productivity
Enzymatic productivity was calculated by the relationship PE = (E f − E i )/t, where PE (laccase volumetric productivity-U mL −1 h −1 ); E f (final enzymatic activity-U mL −1 ); E i (initial enzymatic activity-U mL −1 ); and t (cultivation time-h). The results were expressed in enzymatic units produced/mL of culture medium/h (U mL −1 h −1 ). Cellular productivity was calculated by the relationship PX = (X f − X i )/t, where PX (biomass volumetric productivity-g L
); and t (cultivation time-h). The results were expressed in grams of biomass produced/L of culture medium/h (g L −1 h −1 ). 
Results and discussion
Bioreactor cultivation
Studies in bioreactor were carried out envisaging the possibility of automatically controlling parameters such as aeration, agitation, foam level, oxygen, pH and temperature, a difficult task in shakeflasks experiments. Under these conditions, we have assessed the activity profiles of Lac, Per, LiP, MnP and VAO in relation to the concentrations of protein, biomass, substrate and oxygen consumption, and pH variation.
From Fig. 1 , it can be seen that total peroxidase and laccase (Fig. 1A) , as well as LiP and VAO (Fig. 1B) , show similar activity profiles. Laccases were already detected on the second day, showing an activity peak on the sixth day (40 U mL −1 ) and a decrease in activity after seven days to approximately 20 U mL −1 , maintaining this level until the end of the experiment. In preliminary studies in shake-flasks (data not shown) using the same fungus strain and a similar culture medium, we observed that P. sajor-caju takes a relatively long time (more than 10 days) to achieve higher enzymatic activity, resulting in lower volumetric productivities in contrast to the cultivation performed in bioreactor. Total peroxidase activity (Per) peaked on the sixth day, reaching approximately 10 U mL −1 . On subsequent days, however, peroxidase activity decreased to less than 5 U mL −1 . Fig. 1B shows the activities of manganese peroxidase (MnP), lignin peroxidase (LiP), and veratryl alcohol oxidase (VAO). MnP was detected only on the fourth, ninth and 15th days, at levels under 0.5 U mL −1 , showing instability in production and loss of activity. VAO activity was detected from the third day onwards, showing levels of 1.5 U mL −1 on the fifth, sixth and seventh day of cultivation. Although low, this activity was nevertheless higher than was obtained in shake-flasks with P. sajor-caju 405, which reached levels of 1 U mL −1 after 24 days [33] . LiP activity was also detected from the third day onward, reaching levels near 1 U mL −1 .
In divergence from the results for LiP activity obtained in this study, Fu et al. [37] , while testing P. sajor-caju Pl-27 in agitated flasks containing cultivation media in which glucose was the carbon source, detected MnP and Lac activity, but no LiP activity. In other studies, also performed in shake-flasks, Muñoz et al. [38] did not detect LiP or MnP activities when cultivating Pleurotus eryngii; Vyas and Molitoris [39] did not detect LiP or VAO activities in Pleurotus ostreatus, and Hou et al. [40] did not detect LiP activity in studies conducted with the same fungus. The absence of LiP activity has also been mentioned in submerged culture studies done with other fungal genera, such as Phanerochaete flavido-alba [41] , Pycnoporus cinnabarinus [42] , Trametes versicolor [7] , and Trichophyton rubrum [43] .
The low or absent activity of this enzyme in the aforementioned prior studies may be due to the fact that LiP production requires specific conditions during fungal growth, such as a limited supply of nitrogen, and oxygen saturation [44] .
According to Aggelis et al. [22] , of the three main ligninolytic enzymes -Lac, LiP, and MnP -only laccase was detected during growth of P. ostreatus in studies conducted in bioreactor containing effluent of the olive oil industry.
Soluble proteins (Fig. 2) showed an increase in concentration until the sixth day, while laccase specific activity showed a peak of about 320 U mg −1 (Fig. 2) on the third day and decreased after the seventh day, remaining invariable until the end of the experiment. That laccase stability coincided with the stability period of soluble proteins after the sixth day, showing levels near 150 mg L −1 . The high soluble protein concentration after the laccases's activity peak (Fig. 1A) could be related to possible lysis of hyphae presenting proteolytic activity, as enzymes showed a decrease in activity after the seventh day of cultivation. Data about the specific activity after the eighth day can corroborate this assumption.
This experiment in stirred-tank bioreactor revealed an increase in the total soluble protein concentration after the third day of culture, in divergence from what was observed in studies on the same fungus in shake-flasks, in which protein concentration decreased from the fifth day of incubation until the end of 15 days of culture [20] . Fig. 3 , which correlates biomass production to carbon source consumption (sucrose), shows that the maximum cellular concentration (5.2 g L −1 ) on the fifth day of cultivation coincides with the almost complete consumption of the carbon source. On the eighth day, after sucrose had been completely consumed, the curve already exhibited stationary phase characteristics. The comparison of the cellular concentration (Fig. 3) with the laccase (Fig. 1A) , LiP and VAO (Fig. 1B) activity profiles suggests an associated kinetics model, characterized by the production of enzymes at the same time as microorganism growth, such as that previously described by Gaden [45] .
Data from the present study corroborate those obtained by Aggelis et al. [22] during cultivation of P. ostreatus in a 3-L bioreactor, with stirring frequency of 200 rpm, air flow of 1 vvm and temperature of 26 ± 1 • C, in which laccases were also detected during fungal growth. In divergence from the results of this study, other studies using shake-flasks to analyse other fungal species found that enzymatic production started only after fungal growth, as with laccases of Volvariella volvacea [46] and with LiP and MnP of Phanerochaete chrysosporium [47] .
Stirring and aeration conditions directly influence biomass production, and also influence the fungal morphology and enzymatic activities of different organisms [18, 43, 48, 49] . The data shown in this study indicate that the operational conditions and cultivation medium were adequate, as sucrose was totally consumed in eight days and high enzymatic and biomass levels were reached.
The dissolved oxygen and pH data in Fig. 4 show that, on the third day, the decrease in saturation rate, as a consequence of the intense microbial metabolism, coincided with the decrease in pH. Until the third day, pH was controlled at a minimum level of 5.0; after that, pH was maintained at a maximum level of 7.5. After seven days of cultivation, pH values oscillated between 7.4 and 7.5 until the end of the experiment, and the dissolved oxygen returned to the initial level of 100% saturation, characterizing the stationary phase of the microorganism.
Data obtained for several parameters in this study are summarized in Table 1 , where a relatively low K L a can be seen, due Substrate yield on biomass (Y X/S ) 0.947 g g
−1
Biomass volumetric productivity (PX) 0.039 g L
to the low stirring frequencies and air flow that were used to avoid mycelium shearing. Venkatadri and Irvine [50] , cultivating P. chrysosporium, noted a decrease in the production of ligninolytic enzymes in bioreactor, correlated with stirring intensity and consequent sensitivity of the mycelium to the mechanical action of the turbines. The remaining results presented in Table 1 , concerning enzyme and soluble proteins (Lac max , Y E/S , P E , SA Lac and TSP), refer to the sixth day of cultivation, when the maximum activity of laccase was reported, except X,m , data concerning the biomass (X max , Y X/S and P X ) which refer to the fifth day of cultivation, when the maximum cellular concentration took place.
The maximum substrate yield for laccase (Y E/S = 8042 U g −1 ) obtained in this study, on all days analysed, coincided with the peak of enzymatic activity of laccase (Lac max ). Laccase volumetric productivity (P E = 0.280 U mL −1 h −1 ), related to laccase activity on the sixth day of cultivation, was lower than the productivity observed after five days of incubation (0.318 U mL −1 h −1 ) due to the time elapsed between one measurement and the other. However, laccase activity remained elevated and stable from the fifth to the seventh day (Fig. 1) ; the highest enzymatic productivities were observed between the fourth and sixth days. The volumetric productivity of laccase obtained in this experiment (0.280 U mL −1 h −1 ) is much higher than that observed in studies with the same strain in shake-flasks, in a medium containing sucrose as the carbon source [20] in which a volumetric productivity of 0.120 U mL −1 h −1 was calculated as a result of the relatively long time necessary to achieve the peak of laccase activity in flasks. These data suggest that it is possible to achieve increases in laccase volumetric productivity from P. sajor-caju PS-2001 in stirred-tank bioreactor.
Laccase specific activity (SA Lac ) was calculated in relation to soluble proteins and biomass, reaching 262 U mg −1 of protein and 9124 U g −1 of biomass, respectively. The biomass maximum specific growth rate was 0.038 h −1 , higher than that obtained by Guillén-Navarro et al. [51] when studying fungus P. ostreatus grown in bioreactor at 200 rpm, 1 vvm, and 26 • C, in which X,m values of 0.023 h −1 were obtained with a medium containing 5 g L −1 of glucose as the carbon source. The substrate yield of biomass (Y X/S = 0.947 g g −1 ) on the sixth day of incubation was far above that obtained by Aggelis et al. [22] in their studies with P. ostreatus in bioreactor containing effluents of the olive oil industry (0.063 g g −1 ), which is probably due to the composition of the cultivation medium. Biomass volumetric productivity (P X = 0.039 g L −1 h −1 ) coincides with the beginning of the stationary phase of the microorganism, as the maximum cell concentration was reached on the fifth day of cultivation, and the maximum productivity on the fourth day.
Enzymatic characterization of laccases
The enzymatic broth produced in the bioreactor was also analysed for soluble proteins, isoforms with laccase activity, optimal pH and temperature, and thermal stability of laccase activity.
Lanes 1 and 2 in Fig. 5 show at least 10 bands of proteins stained with silver nitrate on the denaturing gel. Oxidation of ABTS on the activity gel is seen on lanes 3 and 4. Lane 3, with two bands, shows the results of the reaction with the substrate after 60 min. However, after 90 min (lane 4), three bands could be seen on the gel, at positions corresponding to proteins with relative molecular masses of approximately 70, 45 and 35 kDa in SDS-PAGE. The methodology used was similar to that of Liu et al. [18] in studies with P. ostreatus using guaiacol as the substrate, where only one protein with laccase activity was identified, which had a molecular mass of 40 kDa.
Assays resulting in two or three lanes showing laccase activity, and their respective molecular masses, were already described for different species and strains of Pleurotus sp., as seen in Table 2 . [59] a In some cases, the references do not mention the molecular mass of laccases for all isoforms detected.
b The laccase bands occupied a position in the activity gel near to the marker proteins in SDS-PAGE with relative molecular mass of 70, 45 and 35 kDa. The optimal pH for laccase activity (Fig. 6 ) indicated three different peaks, at 2.4, 3.2 and 4.4, and a decrease in activity at a pH above 5. These results could be due to the presence of three laccase isoforms, such as those seen on the activity gel (Fig. 5) . Using a different strain of P. sajor-caju, Murugesan et al. [10] showed that the optimal pH for laccase activity was 5.0. In studies with P. ostreatus, Liu et al. [18] detected an optimal pH of 4.0. Rancaño et al. [60] reported that laccases from T. versicolor produced by airlift bioreactor exhibited a higher activity at pH 3.0.
When testing for optimal temperature (Fig. 7) , laccase activity increased according to the increase in temperature in all buffers and at all pH tested. The highest activity was identified at the highest temperature tested (50 • C), a result similar to that reported by Liu et al. [18] in studies with P. ostreatus, in which temperatures above 50 • C caused a significant decrease in the activity of the enzyme. The maximum activity of laccase was detected in a Mc'Ilvaine buffer at pH 3.2 at 50 • C, reaching levels of approximately 95 U mL −1 . This optimal temperature for laccase activity was above the one detected by Murugesan et al. [10] in an experiment with a different strain of P. sajor-caju, in which an optimal temperature of 40 • C at pH 5.0 was detected. However, laccases of T. versicolor also show their highest activity at high temperatures, i.e., 60 • C at pH 4.5 [60] . Fig. 8 shows data for thermal stability using two different pH values. At temperatures of 20 • C (Fig. 8A) , 30 • C (Fig. 8B) , and 40 • C (Fig. 8C) , laccase activity in a Mc'Ilvaine buffer pH 3.2 was clearly higher when compared with reactions occurring in a sodium acetate buffer (pH 5.0) and sodium citrate buffer (pH 5.0). It was also observed, at 20 • C (Fig. 8A ) and 30 • C (Fig. 8B) , that there was a higher stability of laccase activity when enzymes were kept in a Mc'Ilvaine buffer pH 3.2. A dramatic decrease in laccase activity was seen at 40 • C (Fig. 8C) , which intensified at 50 • C (Fig. 8D) and at 60 • C (Fig. 8E) .
In divergence from results obtained with P. sajor-caju PS-2001, which exhibited enzymatic stability at 20 • C, 30 • C and 40 • C for several hours (Fig. 8) , a different strain of P. sajor-caju, studied by Murugesan et al. [10] , demonstrated stability for laccase activity at 30 • C and 40 • C for only 1 h. The enzymatic stability detected in the present study was similar to that of laccases from T. versicolor, which presented high activity levels at 30 • C, 40 • C and 50 • C for more than 200 h with a sharp decrease in activity only at 60 • C at pH 4.5 [60] . Studies conducted by Liu et al. [18] with P. ostreatus detected high stability at 30 • C and 40 • C for 60 min, with a significant decrease in activity at 50 • C, and, particularly, at 60 • C. These results are important because they suggest that the enzymatic broth of P. sajor-caju PS-2001 can be used for biotechnological purposes with good stabilities at 30 • C and pH 3.2.
Conclusions
In this work, it was shown that high laccase activity can be obtained in a relatively short time when P. sajor-caju PS-2001 is cultivated in stirred-tank bioreactor. Tests of enzyme characterization indicate the presence of three laccase isoforms, similar to those of other Pleurotus species. The laccases of P. sajor-caju PS-2001 demonstrate good thermal stability at 20, 30 and 40 • C especially at pH 3.2. However, an optimum reaction temperature of 50 • C was observed at the different pH values evaluated with ABTS as the substrate. In addition to the information that can be found in the specialized literature about the growth, production, and characterization of fungal laccases, the data obtained in the present work with P. sajor-caju PS-2001 reinforce the notion that this microorganism is a potential industrial producer of laccases.
